Coichicine injection was used as a tool to potentiate the increase in intracellular lipoprotein lipase (type L hormone-sensitive lipase) activity normally seen with fasting to determine if elevation of enzyme activity by this method produced a reduction in endogenous triacylglycerol (TG) in rat heart. Both fasting and fasting+colchicine treatment increased total lipoprotein lipase (LPL) activity from a control value of 80units/g to approx. 144 units/g. The initial control value was obtained at 08:00h after overnight feeding and the final values were obtained at 17:00h, after 9h of fasting. Fasting alone increased activity in both the capillary-bound LPL and type L hormone-sensitive lipase (HSL) fractions of cardiac muscle. In contrast, colchicine treatment, by blocking the export of enzyme from the cell as a result of microtubular disruption, restricted the increase in enzyme activity to the intracellular fraction of the heart. There was a highly significant (P < 0.001) negative relationship (r = -0.73) between type L HSL activity and TG content in hearts of fasting and fasting +colchicine-treated rats. At a time when type L HSL activity was increased and TG content decreased, the cyclic AMP concentration of heart remained unchanged, ruling out the possibility that cyclic AMP might be activating any one of the identified cardiac TG lipases. These data provided indirect evidence that type L HSL is 'seeing the intracellular TG droplet' and that this enzyme may play a role in the regulation of myocardial lipolysis.
The heart contains two distinct pools of LPL activity (Robinson, 1970; Borensztajn, 1979) . One fraction, which is readily released from heart by perfusion with heparin, is localized on the surface of endothelial cells of capillaries where it is directly involved in the hydrolysis of plasma lipoprotein TG. The second fraction, which remains in tissue after perfusion with heparin, is thought to represent a precursor or an intracellular storage pool for the endothelium-bound LPL. In contrast with this notion, over the past 8 years an attempt has been made to identify a function for the intracellular LPL fraction as a mobilizer of endogenous cardiac TG. In this type of work, glucagon (Oscai, 1979) , adrenaline, cyclic AMP, and protein kinase have been shown to activate intracellular LPL and decrease TG stores (Palmer et al., 198 la; Palmer & Kane, 1983a,b) . Because proteins exist in heart parenchymal cells, this intracellular enzyme has been called type L (having the properties of LPL) HSL. In separate experiments, an inverse relationship between type L HSL activity and TG content of the heart has been observed under normal physiological conditions such as exercise (Oscai et al., 1982) , fasting, cold exposure, and fat feeding (Miller & Oscai, 1984) . Although a close relationship exists between enzyme activity and TG content, there is no direct evidence that the enzyme is interacting with endogenous TG substrate in the myocardium.
Currently, it is thought that LPL is synthesized within the tissue cell and, thereafter, designated for secretion and transport to the capillary beds via the microtubular system (Borensztajn, 1979 Vol. 224 been shown to block the exit of LPL from the heart cell (Borensztajn et al., 1975) , was used as a tool in the present study to demonstrate that lipolysis in heart may be controlled by type L HSL. Another reason for the use of colchicine was that it increased LPL activity without increasing cyclic AMP which, in turn, could possibly activate any one of a number of identified TG lipases in the myocardium (Severson, 1979a (pH 7.4) containing 5 units of heparin/ml to wash LPL and TG from the capillary beds. This procedure was followed by a 2 min perfusion using the same buffer without heparin, to wash heparin from the capillary beds. Hearts used for the measurement of total lipase activity were not perfused. The hearts were perfused in a non-recirculatory system as described previously (Oscai, 1979) . The perfusion medium was continually gassed with 02/CO2 (19: 1). The perfusion apparatus was housed in a temperature-regulated acrylic cabinet (Medical Research Apparatus, Clearwater, FL, U.S.A.) in which the temperature was maintained at 37°C. Immediately following perfusion, 100mg of fresh tissue was dissected from the apex of the heart and analysed for lipase activity. The remaining tissue was freeze-clamped with tongs precooled with solid C02/acetone and stored at -80°C until analysis of TG and cyclic AMP.
Chemical assays
Total heart lipase and type L HSL activities were measured by using the LPL assay described by Borensztajn et al. (1972) . Heart tissue was homogenized in 0.025M-NH3/HCl buffer (pH 8.1) with a Duall ground-glass tissue grinder (Kontes Glass Co., Evanston, IL, U.S.A.). The tissue concentration of the homogenates was 50mg/ml. Enzyme activity is expressed as units+S.E.M.; 1 unit of activity = 1 lumol of non-esterified fatty acid released into the assay medium/h of incubation.
TG was extracted from the heart with ethanol/ diethyl ether (3: 1, v/v) by the method of Entenman (1957) . The concentration of TG was determined as described previously by Fletcher (1968) .
Cyclic AMP was determined by the method of Brostrom & Kon (1974) following extraction by the technique described by Weller et al. (1972) . Statistical methods Capillary-bound LPL activity was determined by subtracting type L HSL activity from total heart lipase activity. Results are expressed as means+ S.E.M. Student's t test was used to evaluate the significance of difference between two means. One-way analysis of variance was used to compare the means at the four time points. Significance at P < 0.05 warranted the use of the Tukey's post-hoc test.
Results
It can be seen in Table 1 that the total amount of LPL activity measured in the hearts of rats deprived of food increased approx. 80% throughout the day. The injection of colchicine did not qualitatively alter this pattern. However, the colchicine did significantly alter the compartmentalization of the enzyme. While the activity of LPL found in the capillary beds of hearts from salineinjected fasted rats was 86% higher at 17: 00h than 08: 00h, colchicine treatment prevented this increase. These data suggest that, in colchicinetreated rats, a greater portion of lipase activity is found in the intracellular enzyme fraction (type L HSL) when compared with control.
The results in Fig. 1 indicate that fasting increased type L HSL activity throughout the day. However, at all time points, colchicine significantly potentiated this increase in intracellular lipase activity so that by 17: 00h type L HSL activity was 2.3-fold higher than control activity measured at 08:00h. Table 2 illustrates the effect of fasting+ saline and fasting + colchicine injection upon myocardial TG concentration. Throughout the day there was a reduction in heart TG content in the salineinjected fasting rats. Again, colchicine potentiated this response, with TG measured in tissues of colchicine-treated rats being significantly lower at each time point than in the saline-treated group. By 17: 00h, heart TG content of colchicineinjected rats was only 35% of that measured at 08:00h. Fig. 2 represents the relationship between cardiac type L HSL activity and TG content. The correlation coefficient of r = 0.73 was found to be significant, P < 0.001. It is evident from the data given in Table 3 that neither fasting nor fasting + colchicine injection had an effect on the cardiac content of cyclic AMP.
Capillary-bound LPL activity was higher in hearts of control rats compared with that in hearts of colchicine-treated animals measured at 17:00 h (Table 1 ). These higher levels of enzyme activity could have made available to the myocardial cells on type L hormone-sensitive lipase activity of rat heart measured throughout the day Each point represents mean activity ±S.E.M. All activities are significantly greater than the activity at 08 :OOh (P < 0.01). Activities measured in colchicine-injected rat hearts are significantly (P < 0.01) greater than those of saline-injected rats at 11 :OOh, 14: 00h and 17: 00h.
, Colchicine-injected; ---, saline-injected. Further, the neutral lipase, but not the alkaline tent in hearts offasted lipase, was found to be resistant to NaCl and reated rats protamine. In other early studies, high activity of a = -0.001x+2.06 cardiac TG lipase has been noted in the microsomal fraction (George & Iype, 1963; Biale et al., 1968; Shimoda, 1968; Hamid et al., 1973) . Mersel et al. (1979) reported TG lipase activities with two optimum pH values (pH 7.4 and 8.5) for heart. for endogenous TG Schousboe et al. (1973) reported that 50% of TG higher TG values lipase activity from heart was in the soluble (versus colchicinefraction and the other half evenly distributed l attempt to rule out between the microsomal and mitochondrial fracwas carried out in tions. LPL was present in all fractions as judged by enously with Triton the effects of serum, NaCl, and heparin. Glaviano ntrol animals were et al. (1975) lipase measured in 100000g pellet from rat heart.
Lt in control rats Severson (1979b) (Severson, 1979b) . Collectively, the identified cardiac TG lipases have been classified according to their cellular location and/or pH optimum. The Achilles' heel of the above work has been an inability to demonstrate the activation of a TG lipase with cyclic AMP or protein kinase in the heart . This is an important consideration, because it has been long recognized that cyclic AMP may mediate catecholamine-and glucagonstimulated lipolysis in heart (Gartner & Vahouny, 1972; Crass, 1973; Lech et al., 1977) . Colchicine, which is known to interfere with the integrity of the microtubular system (Borisy & Taylor, 1967) , has no effect on LPL activity per se (Borensztajn et al., 1975) . However, this drug has been shown to block the intracellular transport of various hormones, glycoproteins, and lipoproteins (Lacy et al., 1968; Rossignol et al., 1972; Pelletier & Bornstein, 1972; Williams & Wolff, 1972; Marchand et al., 1973; Stein & Stein, 1973; Stein et al., 1974; Douglas & Sorimachi, 1972) , as well as LPL (Borensztajn et al., 1975; Chajek et al., 1975) .
LPL activity in heart muscle is low in the morning after overnight feeding but increases throughout the day in rats that have been deprived of food starting at approx. 08: 00h (Borensztajn et al., 1975) . In the present study, intracellular LPL activity increased in hearts of fasting rats. This increase in activity was potentiated in colchicinetreated animals as a result of blocking enzyme export from the cell. Since endogenous TG stores were decreased at the same time that intracellular LPL activity was increased, these results provide indirect evidence that type L HSL is 'seeing the endogenous TG droplet'. Adding support to this interpretation is the observation that, at a time when TG hydrolysis was occurring, cyclic AMP levels remained unchanged, ruling out the possibility that cyclic AMP might be activating one of the above mentioned TG lipases. In earlier work (Oscai, 1979; Palmer et al., 198 la; Palmer & Kane, 1983a,b) , enzyme activity was increased with agents that produced increases in the cellular concentration of cyclic AMP. Using that method of enzyme activation, a high negative correlation (r> -0.90) exists between type L HSL activity and endogenous TG concentration. In the present study, we have employed two techniques that elevate type L HSL activity without modifying the intracellular cyclic AMP content. It has been reported that there is no diurnal rhythm in the heart cyclic AMP concentration of fed rats (Palmer et al., 1981b) . Table 2 indicates that fasting or fasting+colchicine treatment did not affect myocardial cyclic AMP concentration. Moreover, fasting and fasting+colchicine treatment increased type L HSL activity independent of other tissue lipases. This protocol produced a significant negative relationship between lipase activity and TG content (r -0.73). These data are consistent with the hypothesis that type L HSL is playing a significant role in cardiac lipolysis.
